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EFFECTS OF APPROACH LIGATING AND VARIATION IW VISIBLE RUNVAY
LENGTH O¥ PERCEPTION CF APPRCACH ANCLE IN SIMULATED NIGHT LANDINCS

Introduction.

One of the most dangerous night visual approach situations is that in
which only runway lights are visible on the ground, a situation cften called
the “black hole" by pilots. Recent experiments provide empirical evidence
of illusions in the "black hole" situation including a general tendency to
over-estimzfe approach angles fo an unfamiliar runway (2,4,5) and a2 tendency
for approach angles to vary directly with ruaway width and inversely with
runway length (6). Those findings indicate the importance of ruruay image
size and shape cues in the perception of approach argle in the "black hole.™
Thosge experiments did not, however, consider the potential importance of
cues from approach lighting on perception in the "black hole." Even though
approach light systems are not designed primarily to provide information for
perception of approach angle magnitude, some assessments have suggested that
they do (1,7,8). The present experiments testced that possibility.

Theoretically, it is possible for approach lighting to affect
perception of approach angle magnitude in at least two ways. First, the
gddirional information from approachk lighting might be expected to reduce
the above mentioned illusjions that occur in the "black hole"” and reduce
response variability. Second, glare from overly bright approach lights
night degrade visual information from runway lighting, causing systematic
errors or increasing the variabiliry of approach amgles. 3Both possible
interactions of spproach and runway lighting were examined. Simultated night
approaches in the "black hole" were studied with two different approach
light systems in two experiments.

FXPERIMENT I

Experiment I compared approach anglies in simulated nighttime "black
hole" approaches to two runways. One runway had only edge and end lights;
the second runway had, in addition, a simulation of the largest approach
light system currently used in the United States, as well as touchdown zone



and centerline }ighting which are typically used with that approach light
system. The presence of approach lighting was evaluated with regard to
effects on illusions {nvolving overestimation of approach angles and with
regard to effects on the variability of approach angle responses.

Method.

Subjects. Forty men, pilots with instrument ratings, served as
snbiects. They were between the ages of 25 and 60 years of age and were
active in air carrier, military, or general aviation. All had 20/2C visual
aculty at the far point, with correction if necessary. Their flying
experience ranged from 200 to 22,000 total hours with a median of 1,750
hours and a semi-interquartile range of 1,950 hours. Sixteen pilots had
heavy multiengine experience; all others flew light single and twin engine
aircrafe.

Apparatus. The nighttime approach scene was simulated with two models
of runway and approach lighting systems. One modeled edge and end lighrs
only, with lights colored appropriately. The other model =2lso included
approach lights simulating a 3,000-ft Category 2 approach light system
(ALSF-2), without sequencvd strobe iights (7). In both models, the runways
had a simulated lempth of 6,000 ft and 2 simulated width of 150 ft. The
models were created in 1,200:1 scale using a fiber optic technique described
previously {3). The light box cn whick the models were mounted for
experimental trials contained fluorescent sources, and the intensity of
simulated white runway and approach lights was adjusted to simulate an
average of 120 candelas. A schematic diagram of the apparatus is shown in
Figure 1. It consisted of a runway model {R), the cart and track (C and T)
on which the model runway moved toward the subject, and & wmirror viewing
system (Ml and M2). The model was viewed monocuviarly from an enclosed
observation booth through a '2-mm aperature at Bl. A head and chair rest
were used to position and steady the subjects head during experimental
observations. This z2rrangement enabled the model to move directly toward
the observation point slong a virtual optical path (Q) which was 3*below the
straight ahezd direction fH). The slant of the model (€), and hence,
apparent approach angle, was controlled by the subject during the
experimental trials. Model slant was measured and recorded to the unearest
0.1* throughout each experimental trial. Only the simulated runway lighting,
and approach lighting when azppropriate, were visible to the subject in the
otherwise dark "black hole" scene. Targets Al and A2, shown in Figure 1,
were only present during optical alignment of the system.
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FIGURE 1. Schematic of apparatus (Al and A2) removable targets for aligning
optical system; Bl and B2, baffles; C, cart; F, rotation axis; H,
horizontal line-of-sight; Mi and M2, mirrors; O, eye position; Pl,
P2, P3, segments of the optical axis; Q, apparent axis of radial
motion; R, runway model; T, track:; B, viewing angle; 9, model slant.

Procedure. The subject’s task was to contrel the runway model as it
noved toward him in corder to produce what locked like a "normal" approach
angle, and to produce the same angle on every subsequent trial. At the
start of each trial, the dim overhead light in the booth went out, the model
began moving toward the subject, and 5 g later the lights of the model were
turned on ss the model reached the simulated distance of 26,000 ft from
threshold. The model vas then controlled continucusly by the subject as it
maoved toward the observation position over a simulated disteance range of
26,000 £t to 8,000 fr from runway thresheld. The simulated approach speed
was a constant 125 knots.

After familiarizacrion, invelving two practize trials, four test trials
were given. The order of presentation of the two runway models in these six
trials was either ABAABB or BABBAA. Pricr to the start of zach trial the
modnl .was set at a simulated approach angle of C.5%0r 2.0%. The two
starting angles were aliternated, and the order of starting angles was

reverged for half the subjects. Wo feedback concerning performance was
given to any subject Jduring the experimental period. The experimental
session took approximately one-half hour for each subject.

I



Results.

Approach angle was the dependent variszble. It was defined as the angle
between the line~of-sight to the runway threshold and the plane of the
runway model. Approach angles were measured for the present analysis at
half-mile (3,000 ft) intervals from 20,000 ft to 8,000 ft from threshold.

The effects of approach lights and distance on generated approach
angles are illustrated in Figure 2. Analysis of variance revealed
statistically sipnificant effects of approach lights {(p < .(l}, distance {(p
< .05), and significant inceraction of approach lights with distance (p <
.05). Approach angles were (.22°tigher on the average when approach lights
were not present. The significant main effect of distance was almost
entirely due to the increase in approach sangies with decreasing distance
from threshold when approach lights were present. Approaches made with
approach lights were 0.2£° lower at 20,060 it and 0.12° lower at §,C00 ft from
threshold than when approaches were made without apprcach lights. The main
effect of starting anple was 2l1so significant (p < .01} as was its
interaction with istance {p < .Cl). Approzach angles were 0.22°higher on
the average when the simulated approach angle was set at 2.0’ before the
start of » trial than when that starting angle was set at 0.5%°. The effect
of starting angle was 0.32°ar the 20,000 ft distance and was reduced to 0.18°
at the nearest distance.
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FIGURE 2. Mean approach angle in degrees as a function of approach
lighting and distance.
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The variability of responmses between subjects (intersubject
variability} in a given experimental condition was leorge. The average
intersubject range of responses is shown in Table 1 as a function of
approach lighting and distance. Intersubject range varied inversely with
distance and tended to be about C.% higher in approaches made without
approach lights. The same pattern of effects was apparent in the
intersubject variances of responses which are shown in Table VII as a
function of approach lighting and distance. An analysis of response
variability involving statistical comparison of variances could not be
performed on these dota using the conventional F-ratio due to lack of
independence of scores. Statistical evaluation of interscbject variability
of responses with znd without approach lights was, therefore, performed by
converting each generated approach angle score to an absclute deviation from
the group mean for each condition (i.e., ezch combination of approach
lighting condition, starting angle, and distance). The effects of approach
lighting and distance on absolute deviations are described in Table 11I. &n
anslysis of variance of absolute deviation data indicated that there was no
significant effect of approach lights on intersubject variability. The only
significant effect wes the main effect of distance (p < .0l). Absolute
deviations increassed with decreasing distance from thresheld.

TABLE T. Intersubject Range in Degrees as a Function of
Approach Lighting and Distence from Threshold

Approach Lighting

Distance No
(feet) ALSF-~2 ALSF-2 Yean
8,000 4.10 5.34 §.72
11,600 3.75 4.66 4.21
14,000 2.44 4.15 3.80
17,00C 3.00 4.01 3.51
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TABLE TI. Intersubject Variances in Degrees as a Fumction of
Approach Lighting and Distance from Threshold

Approach Lighting

Distance Ko

(feer) ALSF-2 ALSF-2 Hean

&,060 1.1¢€ 1.02 1.1¢
i1,C00 « 95 - 90 -93
14,000 a0 76 .82
17,600 84 «63 .74
26,000 261 =53 «57
Mean «90 - 77

TABLE 1II. Intersubject Variability Measured with Absclute
Deviations {in Pegrecs) as a Function of Approach
Lighting and Pistance from Threshold

_ Approach Lighting

Distance No

(feet) ALSF-7 ALSF-2 Mean

2,000 -85 .85 «85
11,000 .20 .78 .79
14,000 74 .78 76
17,000 + 68 «73 -7l
20,000 261 264 .63
Mean 74 .76
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Variability within the responses of an individual subiect (intrasubject
variabilitv) was zssessed by using the difference score, or range, between
approach angles produced by a subject in the 0.5%°znd 3.0°starting zngle
conditions in each approach lighting condition 2nd at each distance.
Intrasubiect range dzta are given in Table IV as a function of approach
lighting and distance. Intrasubject range was nominalily higher on the
average in approaches made without approach lights than in appreaches with
approach lights; means were 0.48° and 0.35°, respectively. Although the
effect of approach lighting on Intrasubject variability tended to vary
inversely with distance, an analysis c¢f variance of intrasubject range
scores revealed that neither that irteraction ner the main effects of
distance or approach lighting were statistically significant.

Table IV. Intrasubject Range in Degrees as a Function of
Approrch Lighting and Distence from Threshold

Approach Lightipng

Distance Ro
(feet) ALSF=-2 ALSF-2 Mean
g,co6e « 27 « 37 .37
11,000 « 36 &1 « 53¢
14,000 +35 .51 .43
17,000 »20 .53 Y
20,000 =38 57 A
Mezn « 25 4R

The reiation of performance to the individual pilot”s amount of fiving
experience and the size of aircrrfr he normally fiew arc 2iso of interest.
Fer the present analysis flying experience was measured by the totzi hours
flowm as pilot in commend and the size of aircraft flown was categorizeéd as
13ant, less thanm 12,5CC ibs, or heavy, grezter than 12,3{0 1lbs. The apsects
of performance related to flying experience and 2ircraft size were {i) the
mean approsch angle for each subject over all conditions cof the experiment,
{31} the difference betveen mean appreach angles in approach lightirg and no
approach Jlighting conditions, and {(§ii) intrasubject variability cf each
subjoct as measuvred by the mean intrasubject range of responses over all
experimental conditions. The correlations of flying experience and sircraft
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size with those performance measures are given in Table V. None of these
correlations was statistically significant. The slight positive
relationship of flying experience with approach lighting effect {r = .19}
and the slight negative relationship of aircraft size with mean appreach
angle {(r = -.22) were the highest correlations observed.

Table V. Intercorrelations of Pilot Experience, Size of
Aireraft Flown, and Subject Means for Generated
Approach Angies (411 Conditioms}, Appreoach
Lighting Effect, and Intrazsubject Range (N=4C)

Approach
Afrcraft Mean Lighting Intrasubject
Size Angle Effect Range
Total Flying Fours «25 .GE .10 -.02
Airerafr Size -.22 -6 i1

Discussion.

The present experiment did not permit feedback to the pilots concerning
their accuracy of response. Responses werce analogous, therefore, to
responses to unfamiliar runways. The present experiment corrcborztes
previous findings regarding the tendency toward low approaches in the "black
hole"™ situaticn. The mean generated approach 2ngle over 211 subjects was
2.13%without zpproach lights and 1.90°with approach lights. These values
are less than desired, and values as low as 0.6 occurred in approaches of
twe pilets. Fourteen pilcts had mesn appreoach angles, averaged cover all
conditions, of less than 1.5°. Low approach angles we-e generated In many
cases which could have been catastrophic in actuzl approaches. Although
sore writers, mentioned above, have suggested that approach lights adé
significantly te informstion for perception of approach angle, the present
experiment found that adding approach lights changed a2pproach amgles by orly
0.2°, and actuaily lowered approach angles instead of raising them towsrd
the desired level. Althouph that decrense in spproach anples when appronch
lights were present was statisticzlly significent, the magnitude of that
effect is only slightly larger than the err - r of messurexent Iinherent in
measuving approach angle {0.1%°) ané is small ccompared to both intra- and
intersubject variability of resporses. 7This smell negative effect of
approach lights is, therefore, probably not of practical significance for
percepticon of the magritude cf approach angle and is most likely offset by
the value of approach lights in other visusi tasks performed during
approaches such as identifyirg runway location, runway aiignment, roll
guidance, and zimpoint estivstion {1,7,8). The present finding sisc does

perception of approach angle magnitude at distances less than 8,000 ft from
threshold, the closest distance simulated her
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The low correlations of total flying hours and size of aireraft flown
with performance suggest that those twe sspects of pilot experisnce were of
relatively low importance in determining perception of approach angle in the
present simrlated approach situstions. This issuve is discussed further in
th2 centext of Experiment 17 below.

Both: intersubject and intrasubiect varizbility were lower when approach
lighting was present. Although theose effects were not statisticaliy
significant, response varisbility should receive zttention in future
research in terms of the possible ability of appresch lighting to preven:
oscillating, unstable approaches which couié be ss dengerous, or perhaps
meore dangerous “han ilow stable spproaches, especially in the nighttine
"black hole" situation.

EXPERIMENT IX

Experiment IT bad rwe purposes: First, the potentizl interactiecn of
visual information from approsch lighting with an iliusion involving
variation in runway Jongth was examined. Sccond, the effect of zppreoach
lights was evaluated as a functior of variation in approsch ifeht intensity.

P

Overly bright, glaring sppreoach lights would be expected to reduce
information in the runwzy scene by making detzils of bott apprecach and
Tunway lighting less visible. That might cecrease 1llusions dve 1o varying
Tunway length or increase variability of responses. Experiment 11 also
utilized a2 different approach light system. Wwhereas Experiment I simula ed
the lzrgest system {3,000 f£t), Experiment IT simulzted one of the smalicst
{1,400 ££). This modification permits study of length of approach light
system as s factor.

Method.

Subjects. Twenty-four pilets who had participated in Experiment 1 were
randemly selected to participate in Experiment 1I. here was an interval
between experiments of at less: 3 weeks. This group hed the ssme range of
flving experience as did the corigins? group in Experiment I and had 2 median
experience level of 1,600 hours with 2 semi-interguartile range of 1,500
hours. Nine were pilots of heavy aircraft and 15 were pilots of light,
single and twin engine aircraft.

Aptaratus. The apparatus wss identiczl to that used in Experiment I
with the exception that a short (1,400 £:) sinplified approach Iight systen
{SSALS) was simuiated. To achkieve both varisble intensity and as high an
intensity as possible, 0.030 in dismeter incandescent Pinlites (Model
L15-45, REFAC Electronics Corporation, Winsted, {cmnecticut} were 2sed tn
make individual lights of the simulzted approsch light system. Runway
lights were modeled as hefore (Fxperiment I} using the Fiber gpt
technique. The Inczndescent appresch lights were powered Dy & regul
.

-

2
adjustable DC power supply which was setr with the aid of z digital vo
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to achieve the simulated luminous intemsity fer individual espprozch lights
of 120 and 2,500 candelss in addition to O cancelas, or "off." Runway light
intensity was always 120 candelas. The rumway simulated was 15C ft by 6,000
ft with edge and end lighting onlv. When appropriate, the lights of the
upwind half of the runway were covered with black velveteen to reduce the
visible lengtt of the rurwey to 3,000 fr.

Procedure. The subject’s task was again to control the runway model zs
it moved towarc him in order to produce the same "norms1" approach azgle on
every trial. Viewing conditions, range of simulated distances, and
simulated approach spead were the same as in Experiment .

After four practice trials with a 150 £: by 6,000 £t runway without
approach lights, the six combinaticons of three approach light intemsities
{06, 12C, a2nd 2,500 candelas) and twe conditions of visible runway length
{full 6,000 £t runway visible in one condition; lights of the upwiné haif
oceluded in the nther condition) were presented. Each condition of approach
light intensity ané visible runway length was zlso presented with three
starting angles, (.55 3.{% and 5.5°. The 1P combinations of approach light
intensity, runway visibility, and starting angles were presented in random
order. No feedback concerning performance wss given Juring the experiment.
Experimental sessions Jasted zpproximately 2 hours for each subject.

Regults.

The effects of approach Vights, visible runway length, starting angle,
and distance on penerated spprosch angles were analyzed with analysis of
variance for repeated measures. The significant main effects of appreach

ighting {p < .01) and visible runway length (p < .Cl} are illuystrated in
Figure 3. Their interaction was nct significsant. Mean zpproscih angles were
about 0.5%higher vhen only half the runway was visible. The effect was
similar a2t all intensities of approach lighting. With a particular visible
runpway length, mean approach angles were similar wher approach lights were
turnad off (zero intensity) ard when their intensity was 20 rtimes that of
runway lights. VWhen approach lights had intensity egqual teo runway lights,
the presence cf approach lights caused azpproach angles te average about c.1*
less when the full 6,{00 £t runway was visible and about 0.2 less vhen only
half the runway was visible. There was no significaznt interaction of either
appreach light intensity or visible runway lemgth with distance.

10
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Both the main effect of starting anmgle and the interaction of starting
angle with distance, which are illustrated in Figure &, were statistically
significant at the p < .0! level. The magnitude of the effect of starting
angle decreased from approximately C.8%at 20,000 f£r to 0.2%ar 8,000 £t from
thresheld.

The great variability of responses between subjects was again anm
important finding. The average range of responses between subjects over all
conditions was 4.4%. Intersubject range is shown in Table VI as a function
of approach light intensity, visible rumwaey length, and distznce. There was
a tendency for intersubiect ramge to very inversely with distance aad
visible runwey length. Intersubject range was alsc slightly lower (4.06°%)
when equal intensity approach lights were present than when zpproach lights
were either not visible {4.4%°%) or when approach Lights were 20 times as
hright as runway lights (4.56°). The same pattern of effects was apparent
in the intersubject variances of respouses which are shown in Table VII as.a

function of spprosch lighting intensitry, visible runway length, and
édistance.

TABLE VI. Intersubject Range in Degrees as a Function of
Approact Lighting, Visible Runway Length, and
Distance from Threshold

SQALS Runway Distance from Thresheld (feetr)
intensity Length
{Condelas) {fect) £,000 11,000 14,000 17,0600 20,000
3,000 £.12 5.38 5.02 4,57 4015
o
&, 000 4.51 4,26 2.60 3.61 3.15
32,000 5.66 L &35 L.06 3.85
12¢
£, 000 L.43 T.17 3.47 3.15 3.15%
3,000 6.25 3.4% &.56 G.14 S84
2,300
6,000 5.54 £,70 .91 3,65 3.30
12



TABLE ViI. Intersubject ¥ariance in Degreaes as @ Function of
Approzch Lighting, Visible Runway Length, and
Distance from Threshold.

S8ALS Runway Distance from Threshold {({feet)
Intensity Lenpth
{Candelas) (feet) £,000 11,300 14,000 17,680 20,000
3,000 2.1° 1.85 1.77 1.7¢ 1.43
G
6,000 1.¢6¢ 1.02 1.¢60 J.032 £.52
3,000 1.86 1.61 1.24 1.23 C.C7
120
£, 000 1.156 .89 T.ER g.81 C.7S
3,06C 2.1% 1.72 1.£5 1.26 1.1%
2, 500
&, 000 1.54 1.2% 1.08 .26 C.21

Intersubject varjability was evaluated st: tistically, as in Experiment
I, by comverting each generated spprecach angle score to an absolute
deviation from the group mezn for each condition (i.e., each combination of
approach light intensity, visible runway length, starting angle, and
distance). These data were analyzed by znalysis of variance. The oniy
significant effect revesled was the main effect of visible runway length.
Absclute deviations are shown ir Table VIII as 2z functicn of visibie runway
length and distance. Although the effect of distance on iantersubject range
was large, the effect of distance on intersubiecct zbsolute deviations was
not statistic.lly significant. The large intersuoject range of responscs
between subiects in 2ll conditions remains 2 most importaent finding in these
datas.

Intrasubject variability was assessed vsipg the range of scores over
the three starting argles in each condition of approach lighting intensity,
visible runway length, and distance. The sverage intrasubiect range within
a particular combipnation of approach light intensity, visible runway length,
and distance was [0.853°. Intrasubject range data are given in Table IX 28 a
function of approach light intensity, visible rupway length, and distance.
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Effects of all variables were small and the only statistically significant
effect (p < .01} in these data was the efffect of distance.

TABLE VIII. JIntersubject Variability Measured with Absolute
Deviations (in Degrees) as a Function ef Visible
Penway Length and Distance

Runway Distonce from Threshold (feet)

Length

ffeet) 8,00C 11,000 14,00C 17,000 20,000
3,000 1.04 1.0C Q.07 0.65 0.3
6,000 G.E3 0.78 G.76 .74 0.70

TABLE 1X. Intrasubject Range in Degrees as z Functior of Approach
Lighting, Visible Runway Length, and Distance from

Threshold
SSALS Runway BDistance from Threshtold (feet)
Intensity Length
{Candelas) {feet} E,000 11,060 14,000 17,0¢C0 20,000
3,000 .93 .94 .90 1.15 2.10
Q
6,000 0.71 C.g¢ C.75 G.86 1.07
3,000 0.80 0.72 0.63 0.7 0.59
120
£, 00 C.62 €.69 G.8&n 0.80 0.29
z,0nee g.79 .80 G.852 g.9¢C .18
2,500
€,000 C.65 g.58 0.65 .85 1.05



The relation of performance to the individual pilot”s amount of flying
axperience (total flyirg hours) and the size of aircrzft he normslly flew
(heavy vs. 1light) was evaluated, as ip Fxperiment 1, by correlating those
experience factors to (i) the overall mean approack angle for each subject
{11) the zpproach lighting effect (i.c., the differenc+ betwecn mean
approach 2ngles in the 0 and 12N candelz approach lighting intensity
conditions), and (iii) the intrasubject variabili:y of each subject as
measured by the mean intrasubject range for each subject. Those d#ta are
shown in Table ¥. The correlations of total f£lying hours with perfoimance,
in this subgroup of the 40 pilots who participated in Experiment i, were
agein not statistically sipgnificant, but the correlation of fiying hours
with mean approach angle {r = .36) uas preater than the corresponding value
(r = .0f) for 211 40 subjects in Experiment I. The negative correlations of
aireraft size with mean approach angle and zpproach lighting and
intrasubject effect were also larger in Experiment II, with statisticel
significance (p < .05) occuring in the correlations of aircraft size with
mean appreoach angle (r = -.42) and aircraft size with approach lighting
effect (r = -.41). These two correlations indicate trends involving lower
approach angles for subjects who were pilots of larger zirecraft and smaller
decreases in approach angle in that group as 2 function of the presence of
appreach lights with intensity equal to runway lights.

TARLE X. Intercorrelations of Pilot Experience, Size of
Aircrafr Flown, and Subject Means for Cenerated
Approact Angles (211 Conditions), Approach
Lighting Fffect, and Intrasubiect Range (N=24)

Mean
Aircrafr Approach ALS Intrasubject
Size Angle Effect Range
Total Flying Hours .122 . 258 -.C46 -.C10
Aircraft Size - 424 -.41C -.246

Discussion.

The effect of SSALS approach lights was & small but statistically
significant decrease in mean genernted spproach angles, abour 0.2°, in
agreement with the effect of the ALSF-2 system studied in Experiment I.
Arguments concerning the lack of practical significance of the effect of
equal intensity appreach lights given in the discussion of Experiment I also
apply to the findings of the second experimert.

The effects of equal intensity SSALS Jighting agoin decreased both
intra=- and intersubject variahility of responses slightly, but not at a
statisticrlly significant level. Examination of raw data revealed ithat the
tendency toward reductien of wvariebility in both experiments was due to
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Towering of responses in the high end cf the response distributi o without
raising responses in the extreme low end of the distribution. Since it is
the lowest approach angles that are of greatest concern for aviation, the
effects o) approach lighting on response variability, as in the case of
effects or mean responses, may not be of practical significance at rhe
distances studied here. The finding of nominally lower response variabilitw
when approach lighting was present was, however, consistent in two
experiments. Tt is supgested that the effects of approach lighting on
stability of approaches should be reexamined in future experiments dealing
with shorter distances from threshold than the minimum 8,C0C ft ot the
present sxperiments. At distances from threshold less than 8,000 £t, the
danger potential of oscillaring, unstable approaches wouléd be greater, and
the benefit of redurtion in response variability due to approach lighting
may also be greater.

The fact that the presence of the SSALS had a lusser effect when the
full runway wsas visible than whepr half the runway was v’ .ble suggests that
the effect of zpprcach liphting may vary with the vati: of the lengths of
approach and runway lighting. 7Twe additiomal findings support this
sugpestion. TFirst, both the ALSF-2 and SSALS, which differ greatly in
length, produccd aprroximately the same magnitude of effect (C.24% and 0.2C°
respectively) when the approach/runway length ratic was approximately the
same. Second, the effect of zdding the 3,000 £t ALSF~2 to the 6,000 £t
Tunway produced an effect similar in megnitude to the effect of increasing
runway length frow 6,00C ft to 0,000 ft in another experiment {(6). Although
the effects of approach lighting on perception of approach angle in the
present study were of doubtful practical significance, it is possible that
larger effects might be generated with higher retios of approack lighting
lenpth to visible runway length. Higher ratios might be enccountered when
fog reduces the visible runway length to lesser vzlucs than studied here,
and would be most likely to occur with the longest (2,400 ft and 3,000 ft)
approach light systems.

The nffect of making approach lights 70 times brighter than runway edge
lights was to eliminate the small decresse in mean approach angle that
occurred with equal fintinsity approach lights. Mean approach angles
increased ~t the highest approact light intensity, es did both intra- and
intersubject variability, to the some levels that accured when approach
lights were turned off. Although the high level of intensity used here did
not cecrease performence relative to the no epproach iight condition, it is
likely that higher levels of intensity would. It is apparent that although
the glare was uncomfortable (but not painful) ir the present situation when
the model was at nearer distances, the glare did neot eliminate the important
informaticn for judpgment of approach angle in rthe runway image. Since
piiots norrally have the ability to rTeauest chanpes in approach light
intensity, it is not likely that hirher plare levels would be tolerated in
visual approaches.

lying hours with performance
ively lov importance of that

-

The finding of low correiations of to
ir both Experirents 1 and 17 sugpests a r
ted
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factor in determining perception of approach angle. The finding of
statistically significant correlations between the type of aircraft flown
with both mean approach angles gererated and the magnitude of effect of
approach lighting in Experiment IT indicates greater importance of that
factor. The significant negative correlation of type of aircraft flown by a
pilot with the overall mean approach =zngle produced by that pilet may be
explained by the fact that pilots of heavy aircraft normally fly lower
approach angles than do pilots of light aircraft. Visual Approach Slepe
Indicators (VASI) and Imstrument Landing Svstems (ILS) 2t sirports servicing
heavy aircraft frequently have those systems set to produce iower angles of
approach. For example the majority of pilots who flew heavy aircraft in
this experiment flew heavy multiengine turbojet aircraft at a local military
base where VASI and ILS a2ids were set to generate Z.S5%approach angles. In
contrast, pilots of light aircraft in this study flew from loczl airports
vhere those aids were set to generate 2°approach angles. 1r addition, the
negative correlations of type of aircraft flown with magnitudc of approach
lighting effects mey reflect greater recernt exprrience of pilots of heavy
aircraft in flying approaches with approact lighting systems present. This
suggested importance of recent experience in flying visual approaches is
supported by findings of a previous study hy Yertens and Lewis (6). That
earlier work demonstrated that approach angles to a particular size of
rurway were higher when preceded by practice vith a wider or shorter rurwvay
and lower when preceded by practice with a more pnarrow or lomger runvway.

The findings of the above mentioned studies raise the question of whether or
not the ability to make visual judgmerts of approach sngle deteriorates as a
function of time following practice in visual approaches. Future research
on factors affecting the transfer of previous experience in visual
approaches to subsequent approaches is needed.

The major finding of this study was that the visual information zdded
to the nigkttime visual approach scene by approach light systems did not
have effects of practical significance on perceptior of approach arngles at
distances from runway threshold of 8,000 £t ané greater. The presence of
approach lighting did pot reduce the tendency to overestimate approach angle
and produce low approaches in the "black hele"” situvation and did not reduce
illusions occurring as 2 result of differences in runway size. Statements
in the literature that approach light systems do provide informaticn for
perception of approach angle magnitude, therefore, de not azppear tc be
correct over the distance ramnge studied here. The possibility that approach
lighting m2y provide important informetion for perception of approach anglc
magnitude in the approach segment between 8,CC0 ft and thresheld should be
examined i future research. The value of approach lighting in other tasks
performed during visual approaches such zs identifying runway locatiom,
runway aligmment, rell guidance, and aim point estimation, 25 nentioned
sbove, makes approach lighting highly desirable, but the presence of
approach lighting should not decrease the pilot’s comcern about illusions in
“black hole" approaches which could lead to zcceptance of dangerously low
approach angles.
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The present results corroborate previous findings regarding significant
effects of runway length on perception cf approach zngle. These findings
sugeest that change in length of the visible segment of the runway Jue to
fog may also have 2n effect on perception of approach angle. In that case,
cues involving the variation of intensity with distance would also bhe
affected by fog and may interact in the cues involving visible length.
Future research on the effects of adverse weathe: involving reducad
visibility should consider this nteraction. Pilot training should slso be
developed to help pilots counteract visuval illusions due to variation in

runway width and veriation in runway length, including reduction of visible
runway length due to adverse weather.
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